Methods developed to determine the amount of water required (EWR) to sustain ecosystem services in non-perennial rivers need a different approach to those used in perennial rivers. Current EWR methods were mostly developed for use in perennial rivers. Non-perennial rivers differ from perennial ones in terms of variability in flow, periods of no-flow and related habitat availability. A DRIFT-ARID method (an adaptation of the Downstream Response to Imposed Flow Transformation (DRIFT) method) was developed, tested and adjusted, using the semi-permanent Mokolo River. Field data from five study sites was collected from April to May 2010 by a multidisciplinary team. The results were used in a DRIFT-ARID Decision Support System (DSS) to determine the impact of five chosen development scenarios in the Mokolo River Catchment. An integrated groundwater-surface water MIKE-SHE hydrological model was used to simulate the hydrology of the chosen scenarios. Specific non-perennial river indicators such as onset of dry phase were identified and included in the DRIFT-ARID DSS. DRIFT-ARID has the potential to be used in non-perennial rivers and, once set up, can provide results for future scenarios. The method now needs to be tested on other non-perennial river types, especially episodic rivers where data are scarce or non-existent.
INTRODUCTION
EWR methods to determine the amount of water required to sustain ecosystem services in non-perennial rivers need to be adapted from those currently being used in perennial rivers. South Africa's National Water Act (No. 36 of 1998) requires the proclamation of environmental Reserves before licences are issued for water use. Water abstraction from rivers is regulated by relevant government authorities to ensure equity of use for all users.
In generic perennial EWR determinations, a hydrological time series of data is the starting point (Brown and Louw, 2011) . The methods use data on low and high flows which is then related to hydraulics and the response of biota in the river (King et al., 2004) . In perennial rivers, flow is continuous and community composition of biota is spatially structured (Bunn and Arthington, 2002) . The observed (present day) conditions are compared to the reference (natural) conditions when the present state of the river is determined .
A non-perennial river's hydrology differs from that of a perennial river, as each is hydrologically distinctive with highly variable runoff having a high coefficient of variance (CV), mostly > 1 (Bull and Kirkby, 2002; Thoms and Sheldon, 2002 ) and a high hydrological index, which is calculated from a combination of monthly CVs (standard deviation/mean) and an estimate of the contribution that baseflows make to total flows (Hughes and Hannart, 2003) . The rivers are mostly event-driven and subject to constant and sometimes extreme fluctuations in hydrology and other physical conditions (Uys, 1998) . Sediment loads are also high, with relatively high proportions of bedload compared to humid-area perennial rivers (Bull and Kirkby, 2002) . The high variability of non-perennial rivers means that many rivers exhibit disequilibrium, so it may not be possible to apply the general hydraulic geometry relationships established for perennial systems (Rowntree and Van der Waal, 2012) . The fauna are unstructured (spatial patterns are less clear), physically controlled and under constant stress (Uys, 1998) .
EWR methods, used to determine the Reserve, were developed on perennial rivers. Projects funded by the Water Research Commission (WRC) to test if these methods were suitable for use on non-perennial rivers revealed certain deficiencies and found that they could not always be applied to 369 non-perennial rivers in their present form (Rossouw et al., 2005; Seaman et al., 2010) .
Current perennial EWR methods used in South Africa, namely, DRIFT (Brown et al., 2008; 2013) and Habitat Flow Stressor Response (HFSR, O'Keeffe et al., 2002) , as well as Ecoclassification which is an integral part of EWR methods, were therefore evaluated in this study to determine if they could be suitable for use in non-perennial rivers. It was found that the DRIFT method could be used and modified where necessary.
The original DRIFT method (King et al., 2004) was adjusted, in the study on the Mokolo River, and the application of the adapted method named DRIFT-ARID was tested (for details see Seaman et al., 2013; .
The DRIFT-ARID method includes some aspects which differ from the original DRIFT method (King et al., 2004) and other perennial methods, of which the most important are:
• The addition of new flow and hydraulic indicators which are relevant for non-perennial systems, such as 'onset of hydrological wet season after a period of wet river bed' , 'depth to groundwater' , 'percentage contribution of groundwater to surface flow'
• The creation of weighted (as opposed to un-weighted) lag periods, such that more recent results have a greater influence than those further in the past (now incorporated in the original DRIFT method)
• The DRIFT-ARID method was the first test of the use of DRIFT's 'linked indicators' , whereby response indicators are linked to driver indicators other than flow (e.g. a fish indicator linked to a macroinvertebrate indicator as a source of food)
• The inclusion of the use of an integrated groundwater and surface water hydrological model to produce data on indicators needed such as % contribution of groundwater to surface flow in dry periods
Only phases and activities in the DRIFT-ARID method that differ from the original DRIFT or perennial EWR methods will be discussed.
IMPLEMENTATION OF METHOD
The DRIFT-ARID method tested comprises 11 phases and 29 activities as illustrated in Fig. 1 (see Seaman et al., 2016) .
The phases and activities in the DRIFT-ARID method (see Seaman et al., 2013; were completed using the Mokolo River, South Africa, as a case study (Fig. 2) . Only selected phase results will be presented (for complete results, see Seaman et al., 2013) . 
Phase 1: Initiate the EWR Study
The degree of non-perenniality of the catchment was determined by Steÿn (2008) , using daily flow data from two functioning gauging weirs (A4H002; A4H005; Fig. 2 ) with reliable data available from the Department of Water and Sanitation (DWS). The measure of non-perenniality is important when deciding which specialists are required in the team. The Mokolo River is a semipermanent river with sections bordering on ephemeral (Table 1) . As this is a semi-permanent river, the multidisciplinary team of specialists included hydrological modellers; geomorphologists; water quality, vegetation, fish and macroinvertebrate specialists; a DSS modeller; a sociologist; soil scientists; a geohydrologist and a GIS specialist.
Phase 3: Delineate the catchment and describe its hydrology
Detailed desktop data and information on the Mokolo River catchment was collected by the team to define the catchment. Runoff Potential Units (RPUs) were determined using drainage features, slope, cover, soil composition and rainfall intensity data, following the method in Barker (2010) . The Mokolo is a fifthorder (Strahler's ordering; Strahler, 1952) catchment with 48 third-order catchments forming the RPUs. The highest potential runoff will occur mostly in the southern and eastern part of the catchment as the result of low cover, steeper slopes, and higher rainfall intensity (Fig. 3 ).
Natural Resource Units (NRUs), Management Resource Units (MRUs) and Combined Resource Units (CRUs) were identified using a GIS method of overlays (Seaman et al., 2013) . The combination of NRUs and MRUs into CRUs is a unique step in the DRIFT-ARID method and is not followed in the perennial method (Kleynhans and Louw, 2007a) .
NRUs were determined by overlaying Geomorphological Zones, Macroreaches and Level II Ecoregions (Fig. 4 left) with the RPUs (Fig. 3) . Seven NRUs (A-G) were identified (Fig. 4 right) .
Seven MRUs (A−G) were identified in the Mokolo Catchment by overlaying maps containing information from the Water Quality Response Units (WQRUs), Socio-Economic Response Units (SRUs) and Habitat Integrity Units (HIUs) (Fig. 5 left and right) . A combination of the three maps provides an understanding of the catchment in relation to the impacts and future developments planned for the catchment.
An overlay of NRUs and MRUs produced nine CRUs (A-I) which represent units in the Mokolo River that are relatively homogenous with regards to natural and management aspects (Fig. 6) .
Once the CRUs were chosen, they needed to be ranked in importance by each specialist. Rankings were then combined to obtain a final, overall ranking, with the lowest score indicating the most critical or important CRU. Different CRUs could have the same ranking and it was therefore necessary to standardise the ranking from each specialist to produce the same total throughout. The nine identified CRUs for the Mokolo River were ranked from 1 (important) to 9 (not important), and standardised to ensure each specialist's ranking totalled 45 (1+2+3+4+…9=45). In this case, CRU H was the most critical (Table 2) . Sites and indicators were selected by the team:
• Site selection: Five sites were identified in each of the five most important CRUs (H; D; G; B and E, Fig. 6 ). The location of the sites was determined using data on existing sites already sampled as part of the River Health Programme (DWA 2010b), routine fish sampling sites (Kleynhans et al., 2008) , and Intermediate Reserve (EWR) sites (DWAF, 2008b) . Google images and historic information on the catchment were also taken into consideration when sites were selected. The chosen sites were then groundtruthed during field sampling by a team of specialists in April 2010 and the final location verified. Unseasonal floods during the fieldwork hampered the data collection. As the Mokolo River is semipermanent it was possible for most specialists to use the methods designed for perennial rivers for data collection. If the river was ephemeral or episodic, adjusted sampling and interpretation methods would be needed. At present, no formal method has been developed for the collection of data on non-perennial rivers in the different disciplines.
• Indicators: Indicators were chosen specifically for nonperennial rivers and these can be adjusted according to the type of river studied. A summary of indicators and links is presented in Table 3 .
Phase 6: Complete specialist studies
Specialist studies were completed where a multidisciplinary team sampled the Mokolo River in April 2010.
• Geomorphology: Due to the high flood levels during the time of sampling, Google Earth images were used to produce an initial geomorphological sketch map to indicate the location of channel banks, benches and flood zones within a 100-200 m length of channel. A final channel morphology map was produced after comparing the surveyed transects to the features shown on the satellite images. A channel cross-section was surveyed using levelling and water depth measurements across transects to estimate the channel bed topography. In non-perennial rivers, with characteristically high sediment loads, sediment becomes a key driving variable, influencing rooting depth and water availability in the riparian zone. Sediment samples were collected from each exposed morphological feature, including channel bed, banks, and the three flood zones. Particle size analysis was done using sieves to fractionate the sediment into coarse (2-0.5 mm), medium (0.5-0.25 mm) and fine sand (0.25-0.063 mm), and silt and clay (0-0.063 mm). Sediment size was described using the d84, d50 and d16 particle sizes.
• Water quality: The water temperature (°C), conductivity (μS/cm) and total dissolved salts (ppt or g/L), concentration of dissolved oxygen (mg/L) and percentage of saturation (O 2 %) were measured, in situ from the shore, with an YSI Model 85 meter. pH and redox measurements were taken in situ using a Euteck Instrument CyberScan pH 110 meter. A number of subsurface water samples were collected and then transported in a portable ice chest to the laboratory. Diatom samples were collected according to the method described in Taylor et al. (2007) and preserved with 90% alcohol.
• Riparian vegetation was surveyed using the VEGRAI (Riparian Vegetation Response Assessment Index) method as described by .
• Macroinvertebrates were sampled using the standard South African Scoring System (SASS5) method (Dickens and Graham, 2002) and the Okavango Assessment System (OKASS) method (Dallas, 2009).
• Fish: Flooding during sampling necessitated that fish samples were taken in the lateral flooded areas, which were more accessible than the fast-flowing main channel. A combination of electro-narcosis, seine net and fyke net sampling was done depending on the habitat type and conditions to be sampled.
• Socio-economics: The socio-economic analysis identified the stakeholder groups that interact with the Mokolo River and included stakeholders from the commercial agricultural sector, the mining and power generation sectors, individual users and development agencies working in the area. A purposive sampling method was employed by selecting key stakeholders from the community to provide information on people-ecosystem interactions relating to the Mokolo River. Possible development scenarios were chosen by the team, using socio-economic, historic and recent data on the Mokolo River catchment. The hydrological simulation to produce a daily time series for the scenarios chosen was completed using the MIKE-SHE integrated groundwater and surface water model (Prucha and Graham (2012) and Prucha et al. (2016) ). The daily time series of data provided by the model included data on the river discharge, river stage, depth to groundwater beneath river, baseflow to river and subsurface flow beneath river. The demand for water in the Mokolo River, the most economically developed catchment in the Limpopo Water Management Area, is increasing, and, concomitantly, the interactions between the ecological and social systems could increase in scale and complexity. The social environment is not site-specific. At Sites 1-3, the population is mainly rural and engaged in commercial crop farming and game farming. At Sites 4-5 mining and power generation are additional factors. The population at Sites 4-5 is, largely, still agricultural, with the exception of the town of Lephalale that is characterised by extensive urban development resulting from the expansion of the mine and the building of the Medupi Power Station. Recently, many farms have been converted from crop-producing farms to game farms. There is definite potential for tourism development in the area, but this is partly reliant on the preservation of the ecosystem surrounding the river.
Hydrological simulations for all scenarios consisted of 50 years of data, based on the initial modelling for the present day, using 8 gauging stations (Fig. 2) which had overlapping observed data. All flow upstream of the Mokolo Dam was routed downstream to the outlet of the Mokolo River (through Gauge A4H014). Detailed climate data were also available for the Mokolo Catchment from 1950 -2000 (Schultz and Maharaj, 2007 . The five scenarios chosen were:
• Scenario 1: Present day (PD): The 50-year simulations included the main infrastructure present at the time of the study (Mokolo Dam, and 31 other structures including 25 dams, and 6 weirs), i.e., the whole time series represents what would happen if the same climatic conditions of the previous 50 years were repeated for another 50 years with current (2010) levels of infrastructure.
• Scenario 2: Natural/reference: The 50-year PD simulations were modified by (a) estimating a natural stream profile through the Mokolo Dam based on the upstream and downstream profile, and (b) excluding farm dams, irrigation, interbasin transfers and weirs.
• Water was applied in these scenarios using the irrigation module as if the water would be used for irrigation and no water was released back into the Mokolo River after use. No vegetation change was made from the PD vegetation.
• Scenario 5: Combined: The 50-year PD simulations were modified by (a) adding the interbasin transfer of Scenario 4, and (b) changing land-use from irrigation to game farming as for Scenario 3. Therefore, Scenario 5 is a combination of Scenarios 3 and 4.
The hydrological simulation to produce a daily time series for the five scenarios was completed. Only the surface flow results from the hydrological simulation for Site 4 (below the dam) will be presented here (for full results, see Graham, 2012 and Prucha et al., 2016) .
At Site 4, there is little difference between the PD and ExtWater scenarios. The water transferred from the Crocodile River was not modelled to reach the Mokolo River, either due to releases from the dam, or due to return flows from mining or agriculture. However, the ExtWater scenario does improve water availability for irrigation, mining and power production. There is little difference between the Natural, GameFarm and Combined scenarios. This is because, in the GameFarm and Combined scenarios the change from irrigation to game farming above the dam was modelled to produce much higher releases from the dam than currently takes place, and the change to game farming dominates flows in the resulting Combined scenario. The resulting flows are similar to Natural flows (Fig. 7) . The DRIFT-ARID DSS was populated with the 5 site names, 17 flow indicators, 5 hydraulic indicators, 5 scenario indicators (e.g. hectares of irrigation) (see Table 3 ), 5 scenario names, and other information such as the start year of the hydrology (1950) . A screen shot of part of the 'Setup' page is shown in Fig. 8 .
A file was set up for each specialist area for each site, including hydrology. The hydrology site files also house the hydraulics and scenario indicators which were managed in the same way as the flow indicators. Each site-level hydrology file (e.g. Hydro_Site 4_BeDam.xlsb for Site 4 'below dam') contains the time series of flow indicators for each scenario. Figure 9 shows an example of the time series of flow indicators entered for Site 4 for the Present Day (PD) scenario.
Each specialist data entry file was pre-populated with the flow indicators, the discipline's indicators, and standard information such as site and scenario names. Figure 10 shows an example of the specialist's indicator list for fish. These can be deactivated if they are irrelevant for a particular site.
The specialist had to specify flow and other indicators linked to each of his/her indicators (see Table 3 ). A macro was used to prepare data entry sheets with blank response curves for each linked indicator. Part of the sheet for entering links is shown in Fig. 11 .
Response curves were then completed on the page prepared for each of the specialists' indicators. Three of the response curves are shown in Fig. 12 , dealing with the 'shallow pool dwelling species' response to (a) the duration of inundation of flood zone 2 (FZ2), (b) the duration of time with no surface flow, and (c) the average depth in the dry season. The values in the yellow-shaded cells ('min') were completed by the specialist in response to the values to the right ('days'). The values in the 'days' column are a range of values for that input indicator, including the median PD value, the PD range, and an extended range to accommodate scenarios. The DSS also allows for a range of response values ('min' and 'max') to allow for greater uncertainty than that already implied by the response scores. The range is shown in the response curve graphs as paler blue lines (Fig. 12) . See Seaman et al. (2013) for details of the scoring system used. 
three linked indicators (1) the duration of inundation of Flood Zone 2 (FZ2), (2) the duration of time with no surface flow, and (3) the average depth in the dry season
Phase 9: Scenario analysis Figure 13 shows an aggregate seasonal response time series on the top of each indicator's page and, to the right of the response time series, various modifications that can be made to the responses to adjust the overall time series response. Each specialist file includes various other summaries, as well as an annual response time series (Fig. 14) as opposed to the seasonal one (Fig. 13) .
The PD scenario response for each indicator was calibrated by adjusting the response curves, so that the median of the PD scenario's overall response ranged between 95% and 105% of the PD (see value indicated under average of scenario (93.77%) in Fig. 13 . Hydrology data from three calibration scenarios (all wet, all dry and wet and dry, see Seaman et al. 2013; were also included in the DSS and the specialists further calibrated the response curves and modifiers while viewing results of these extreme scenarios (which test the outer ranges of the response curves). For example, it would be expected that the abundance of riffle-rapid dwelling fish species would increase continuously up to a certain maximum in the 'wet' scenario and decrease drastically in the 'dry' scenario.
The DRIFT-ARID DSS was then run and the output presented to the specialists for verification.
OUTCOMES OF METHOD Phases 10 and 11: Evaluate scenarios and provide outputs
As an example of DRIFT-ARID output, only scenario results for Site 4 and for geomorphological change are presented here. For details on other specialist field results, please refer to Seaman et al. (2013) .
The outcome of running the five scenarios is illustrated in Figs 15 a-j and Fig. 16 . In all scenarios, the low-flow channel width (b), low-flow channel depth (c), geomorphic pool depth (d) and pool length (e) responded synchronously in response to increased or decreased flood events. The feedback between low-flow channel depth and the number of floods inundating Flood Zone 1 (FZ1) can be seen in (j). FZ1, as expected, was the most responsive to changes in channel width (f), with a varied response between scenarios. The extent of the other flood zones varied little for all scenarios through time. Figure 16 shows the summary results of geomorphological health or integrity at Site 4 for the five scenarios. The site was in a B/C (good to fair) category in the PD scenario and improved to an A/B (natural to largely natural) category for the GameFarm and Natural scenarios. The ExtWater scenario had the largest negative impact (loss in pool depth and low-flow channel width with a concomitant gain in FZ1). It is uncertain why these changes would have resulted from this scenario, unless there was a reduction in floods at the expense of increased baseflow. However, the responses in geomorphology at Site 4 are all very small. The DRIFT-ARID DSS uses the integrity scores from each of the disciplines to determine the overall ecosystem integrity of the site under the different scenarios (Fig. 17) . It is worth noting that, given the problems with hydrological modelling (inconsistency with data etc., see Prucha et al., 2016) and scenario definition, these are hypothetical results only, and no conclusions should be drawn from them regarding the actual performance of the different scenarios. An increase in integrity is noted in all scenarios except in ExtWater where integrity is negatively impacted (dropping a category from overall B to overall C, bordering D (Fig. 17) .
DISCUSSION
The research in the current EWR projects (Rossouw et al., 2005; Seaman et al., 2010; 2013) has contributed considerably to the knowledge on the ecological functioning of non-perennial rivers in South Africa, and the testing of DRIFT-ARID. DRIFT is one of the DWS-approved methods for determining the EWRs of South African rivers and has been used in many national and international rivers (e.g. Olifants-Doorn -Brown et al. (2006); Zambezi Basin -Beilfuss and Brown (2006) ; Lesotho rivers -King et al. (2003) , and the Mekong River -MRC (2006)). DRIFT-ARID, however, has only been tested on the semi-permanent Mokolo River (Seaman et al., 2013) .
Some of the requirements for an effective EWR method as discussed by Cottingham et al. (2002) are included in the DRIFT-ARID method, including guidelines on site selection and collection of data, the consideration of social and economic implications, and a standardised process for the presentation and documentation of outcomes.
Determining the degree of perenniality is vital as each type of non-perennial river needs to be approached differently (Seaman et al., 2010; 2013) . For semi-permanent rivers (Mokolo River) both the perennial and non-perennial EWR methods could be used, but for ephemeral rivers (Seekoei and Fish Rivers) perennial methods are less useful (Seaman et al., 2010; Palmer, 2013) . In the Mokolo River study, soil scientists contributed valuable data for integrated groundwater-surface water modelling. In episodic rivers, macroinvertebrate and fish specialists would be less vital than in perennial rivers, whereas vegetation, mammal (wildlife) and terrestrial insect specialists would become more important (Seaman et al., 2013) . A hydraulic specialist should be included in all studies although the traditional hydraulic approach used in EWR studies would have to be adjusted in non-perennial rivers. Hydraulic input for crosssections of pools and riffles is crucial for accurate integrated groundwater-surface water modelling. In non-perennial systems pool depth and volume become important indicators (Prucha and Graham, 2012; Seaman et al., 2013) , whereas riffles are more important in perennial systems.
The catchment delineation process is a standard approach in EWR assessments and in the Water Resource Classification System in South Africa (WRCS; Dollar et al., 2007) . The DRIFT-ARID method augments the standard approach with the addition of RPUs to supplement the lack of gauging weir data in data-scarce regions.
The site selection method is also similar to the approaches followed for perennial rivers (e.g. Louw et al., 1999) and in the Water Resource Classification System (Dollar et al., 2007) . The determination of CRUs and their importance ranking in the DRIFT-ARID method requires input from all specialists involved in the study and could be compared to the importance ranking used in DWA (2010). Studies comparing the two methods are needed to verify the preferred method.
The project used an integrated groundwater and surface water hydrology model, MIKE-SHE (Graham and Butts, 2005) , for the whole catchment. Hydrology is one of the main drivers of the DRIFT-ARID method and the importance of groundwater in non-perennial rivers was emphasised in the previous EWR projects (Rossouw et al., 2005; and Seaman et al., 2010) . One of the main constraints in one previous EWR project (Seaman et al., 2010) was the difficulty in modelling the hydrology of non-perennial rivers (specifically the ephemeral Seekoei River) due to a shortage in gauging-weir data and the absence of a suitable hydrological model for integrated surface and groundwater modelling (Hughes, 2008) . The use, in this project, of MIKE-SHE for an entire catchment was a first for non-perennial rivers in South Africa. However, an integrated method, a simple classification scheme based on the geological setting of selected river stretches and the prevailing hydraulic gradients between surface and groundwater as proposed by Witthüser in DWA (2010a), was used to model a section of the Mokolo River in the Intermediate Reserve study. For challenges identified in applying the MIKE-SHE model see Prucha and Graham (2012) and Prucha et al. (2016) . 
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The likely future scenarios included in the study had some limitations, particularly as all implied an increase in flow relative to current flow. At least one scenario should have been included which had more water being abstracted from the river or groundwater.
Scenario results using the DRIFT-ARID DSS provided an ecological integrity score for each site and each scenario. It is difficult to compare results from all scenarios in the present study with other studies on the Mokolo River as the scenarios differed in assumptions made. Results from the PD scenario compared to results from DWAF (2008a, using ECOSTATUS) indicated that Site EWR4 (DWAF, 2008a), which was downstream of Site 4 (present study), was in a C (moderately modified) category, compared to the B category (largely natural; Fig. 16 ) obtained in this study using the DRIFT-ARID method. It is not possible to assess which of these is correct in terms of integrity and this anomaly emphasises the importance of developing and testing methods for EWR determinations in all rivers as the management of the rivers is reliant on accurate results.
CONCLUSIONS AND RECOMMENDATIONS
A EWR method for non-perennial rivers, namely DRIFT-ARID, has been developed. Several adaptations to the original DRIFT method had to be made to accommodate non-perennial river characteristics.
Some additional findings and recommendations from the current study are the following:
In each of the disciplines, specific constraints and challenges were identified when using the current perennial methods to determine the Present Ecological State (PES). Studies are needed in non-perennial rivers in order to determine links between flow and habitat availability, especially to determine what the critical stage in habitat and flow change is before generalist species (usually found in non-perennial rivers) are affected.
Generic indicators for non-perennial rivers need to be identified, and for this more long-term data on non-perennial rivers is needed. Event hydrology, groundwater-surface water interactions, sediment transport processes and vegetation all drive channel dynamics in non-perennial systems. Fish may not be present in episodic rivers, and fish and macroinvertebrates may not be observed during no-flow conditions. However, channel morphology showed the integrated response to past flows, and deep-rooted vegetation will be sustained through dry periods (Rowntree and Van der Waal, 2012) . Indicators for which established empirical relationships with flow have been developed should be chosen until more data is available.
The socio-economic aspect of EWRs is extremely important (Cottingham et al., 2002) . A more comprehensive stakeholder process is needed to fully incorporate the socio-economic aspects into the EWRs. In non-perennial rivers, the stakeholder process is extremely important as it can provide local knowledge and data (e.g. timing of floods, location of permanent pools) for specialists to use in catchments where data is scarce. Although the stakeholder process is expensive, it is a necessity in any study on non-perennial rivers.
Due to data shortages and inaccuracies of data for nonperennial rivers, a rapid method based on catchment and readily available data, should be developed until more reliable data is available. An option is a rapid DRIFT-ARID 'LITE' , which relies on a countrywide assessment of the responses to development of various types of non-perennial rivers. Broad rules could be determined on how non-perennial rivers react to development, and could be used to infer the impact of scenarios on similar river types.
It is envisaged that DRIFT-ARID and the DRIFT-ARID DSS will evolve from their current state as the underlying conceptual understanding of the functioning of non-perennial systems evolves and is tested on other rivers.
Figure 16
Integrity scores for geomorphology at Site 4
Figure 17
Overall integrity at Site 4 on the Mokolo River (ecosystem integrity only)
